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1. Introduction 
The CHIMU is a miniature, low cost Attitude Heading Reference System (AHRS).  AHRS units 
employ rate, acceleration, and magnetic sensing to provide a full inertial attitude and heading 
estimate, even under stationary conditions.  The CHIMU is intended for use in motion sensing 
applications including, but not limited to: 

 UAVs (AUVs, UAS, etc) 

 Robotics 

 Sports training and analysis 

 Education 

 Rocket science 

1.1 Limitations 

The unit, like any IMU / AHRS, can be pushed beyond the limits of its ability to sense any of the 
measurements it needs to operate correctly.  The following list includes results that are known to 
occur if operation exceeds the limits listed later in this document.  

1.1.1 Rate limits 

Saturation of maximum rate in any axis for any amount of time will result in an incorrect attitude 
estimate.  The longer the saturation duration, the more error will be present in the attitude 
determination.  The attitude estimate shall recover once saturation has stopped and the internal filter 
has time to reconverge on the correct solution. 

1.1.2 Acceleration limits 

Excessive acceleration can include acceleration above the rated levels in continuous application 
(static / low frequency gôs), more elusive vibration (sinusoidal / random) or shock (impulse / random) 
events that may not show full saturation of the accelerometers in data output, but have affected the 
sensors internally and corrupted the values.  Continued acceleration above the limits or excessive 
vibration / shock events can corrupt the computation of rate sensor biases, leading to poor bias 
estimates and a corrupt attitude estimate. 

1.1.3 Magnetic field limits 

Saturation of the local magnetic field can result in a pervasive attitude estimate error as well.  
Calibration of the unit in the final configuration will help prevent errors introduced by hard iron in the 
local area.  However, induced magnetic fields from high current devices or high power RF circuitry 
can result in operational errors.  After a proper calibration, no axis should exceed a +/- 1 value. 

1.1.4 BIT and User Responsibility 

Automatic sensing of limits being exceeded is difficult.  However, the CHIMU does have some 
internal capability to discern these conditions.  Magnetic sensor saturation is reported in the Built In 
Test (BIT) message.  Future software revisions may include an indication of saturation or other 
errors on other sensors.  No system is fool proof however, and all correct use and planning for 
events in case of failure are the responsibility of the user.   
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1.2 Theory of Operation 

The CHIMU is an integrated set of MEMS sensors that are managed via an onboard CPU to provide 
attitude and heading information, along with raw sensor data and other useful information.  A top 
level flow of the primary components are shown in this figure: 
 

 
 
 

1.2.1 Startup Conditions 

The most difficult operation for a MEMS based IMU to perform occurs at turn on.  In order to provide 
a fast, reliable estimate of attitude, some systems require the unit to be held motionless during turn 
on.  This is to provide a ñzeroò for immediate calibration.   
 
The CHIMU does not require this turn on requirement if it has been calibrated over temperature.  
Static calibration values across the operating temperature range are preprogrammed prior to delivery 
(or are calibrated / recalibrated after delivery if necessary).  In-run biases for the unit sensors are 
calculated as part of the internal processing after turn on, and compensate for minor changes that 
may have occurred over time from factory defaults and operational conditions. 
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1.2.2 Dynamic Operation ï Centripetal Acceleration 

Operation of an IMU in a dynamic platform like an airplane can lead to incorrect attitude 
computations unless centripetal accelerations are accounted for.  Many low cost MEMs based IMUs 
do not address this. 
 
The CHIMU allows two methods for compensation of centripetal accelerations.  Both require an 
external input of vehicle velocity.  The first, and most useful for many applications, is an external pin 
that allows input of forward speed as an analog voltage.  The second requires a full 3 axis velocity 
message to be provided to the unit via the serial port or SPI port. 
 
External computation of velocity can be provided by airspeed sensors or a GPS unit (typically). 

1.3 Modes of Operation 

The CHIMU has been designed to be simple and effective at providing attitude and heading 
information with minimal or no user intervention.  However, there are some modes for calibration that 
likely will be used.  Below is a top level description of the typical operating modes for the unit.  This 
diagram may be useful in understanding the software commands to the module found in this section. 
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2. Specifications and Characteristics 
Presented in this section are the sensor and system specifications for the CHIMU.  All parameters 
specified are @ VDD = 3.0 V and Ta = 25°C. 
 

2.1 Performance Specifications 

Characteristics Conditions Min Typical Max Units 

Attitude and Heading 
(steady state) 

Roll 
     Range 
     Accuracy 
     Resolution 

   
0 to 360 

1 
0.0004 

  
° 

° RMS 
° 

Pitch 
     Range 
     Accuracy 
     Resolution 

   
+/-90 

1 
0.0004 

  
° 

° RMS 
° 

Yaw 
     Range 
     Accuracy 
     Resolution 

   
0 to 360 

1 
0.0004 

  
° 

° RMS 
° 

Angular Rate 

Range Pitch, Roll 
Yaw 

 ±500 
±150 

 ° / sec 

Rate noise density Pitch, Roll 
Yaw 

 0.05 
0.04 

 ° /sec /  

Bandwidth Pitch, Roll 
Yaw 

 140 
200 

 Hz 

Resolution Pitch, Roll 
Yaw 

 <±0.24 
<±0.07 

  
° / sec 

Acceleration 

Range All axes ±3 ±3.6  g 

Noise density X / Y 
Z 

 280 
350 

  

Bandwidth All  50  Hz 

Resolution All  <±1.8  mg 

Magnetic Flux 

Range All axes  ±1  Gauss 

Bandwidth All  10,000   

Resolution All  7  milligauss 

 Specifications are subject to change at any time without notice 
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2.2 Electrical Characteristics 

Characteristics Conditions Min Typical Max Units 

Power 

Supply Voltage 
Range 

Vdd 
Referenced to GND 

3.1 3.3 6.5 V 

Current Average, measured at 3.3V 30 40 50 mA 

Time 

Time to first valid 
data 

Power on to first message out  0.1  sec 

Bias settling time Static test step change condition  <20  sec 

 Specifications are subject to change at any time without notice 

 
 

2.3 Absolute Maximum Ratings 

Parameter Rating 

Acceleration (any axis, 0.5 ms) 
Unpowered 

2000g 

Vdd -0.3V to +7V 

Output Short-Circuit Duration 
(Any Pin to Common) 

TBD 

Operating Temperature Range -30°C to +85°C 

Storage Temperature Range -40°C to +125°C 

 Specifications are subject to change at any time without notice 

 
Stresses above those listed under the Absolute Maximum Ratings may cause permanent damage to 
the device.  This is a stress rating only; functional operation of the device at or near these or any 
other conditions above those indicated in the operational section of this specification is not implied.  
Exposure to absolute maximum rating conditions for extended periods of time may affect device 
reliability. 
 
Drops onto hard surfaces can cause shocks of greater than 2000 g and can exceed the absolute 

maximum rating of the device.  Exercise care during handling to avoid damage. 
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2.4 Mechanical and Pin Assignments 

2.4.1 Dimensions 

 

 
 

2.4.2 Recommended Connectors 

The connectors on the CHIMU have a 0.05ò spacing.  Specifically, the CHIMU pins are Digi-Key part 
number S9014E-12-ND. 
 
The recommended mate (socket) that custom designs should use to plug CHIMU into is Digi-Key 
part number S9005E-12-ND.  For reference, a picture of this connector is shown here: 

 

1ò 
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0.11ò 
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PIN 
24 

0.05ò 
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2.4.3 Coordinate System and Orientation 

Orientation shown (X/Y/Z) frame is the local body frame, using standard aircraft axes.  The unit with 
applied axes coordinate frame is shown below. 

 
It is assumed for the rest of this manual that this axis corresponds to a standard vehicle axis.  All 
rotations obey the ñright hand ruleò.  In this case, the following terms are defined: 
 

 Pitch rate / angle ( , ɗ) ï positive pitch rate is rotation about the Y axis from the Z towards 
the X axis.   

 Roll rate / angle ( , ū) ï positive roll rate is rotation about the X axis from the Y to the Z axis.  

 Yaw rate / angle ( , Ɋ) ï positive rate is rotation in a clockwise direction about the Z axis 
from the X to the Y axis. 






































































































